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STATEMENT OF
THE PRODLTA

Th

fac

e value of visual instructional materials IL

ng classroom instruction has been recogni2ed

for some time. iesearch bas clearly established th'.?,

need -for

effe

been

efully ared and organi7,ed materials

allgm lt oral i

conclusive, however

Research has

identifying those

characteristics which contributed to impro _

ncr
t.

achievement from vis al aterials as well as in

examining the effect on the learning process of varia-

tions within each of those design factors.

A second, rerious eakness lies in the fact that

mu h of this research has fail d to take individual

learner differance irto account.

It h , been generally accepted that -11 indiv d-

uals do nat learn optimally from the same materials or

t t same rate of speed. It would appear then, that

a sionifice t int::,raction w uld exist between an

individual''

tional mate

ental abi.lities and the type of ins :u -

s which promote c,tirnum lea ning.

The ne-d for such research has become increasingly

apparent i recent years. Numerous public agen ies

and private corporations now market great quantities

of vival intructioinaL materials and devices for the

production of such materials. Teachers, instructional

developers and graphic designers, however, have not

been provided with a set of research-based quidelines

for the use and, manipulat on of design factors such as

3



cokr, complexity, contrast and r,a d

2

selection and utili7ation of visuals for instructional

Li The resuLt of this inequity has, in many

cas- , led to the produc ion of visuals which interf re

rather than. aid

During the past

.0een conducted concer

ruction.

y )7"
numero s studies, have

the relative effectiveness

of visual materials in facilitating st :ent achieve-

ment. ous limitation of these studies as that

the visual materials were usually treated as entire

units rather than as combinations of many distinct

types of cues or stimulus elements No attempts were

made to systenaticall- identify and examine those

elements within a visual display which contributed to

the improved iarning. Rather, the practice of com-

paring instructional materials as e-tire uni s con-

founded any a:tempt to isolate and. quantitatively

define those characteristics which may have aided

learning and those which. impeded learn-ng.

The use of color in instructional, materials is

one element which requires further rnrestigatioa.

Colcr has long been conaiderod a sIgnifican_ factor in

the design of visuals for instructional applications.

Its use, however, has usually been d

consid rations totally unrelated to

rained by two

possible

effectiveness as a facilitator of learnirig . These

factor , the aesthetic appeal of color over black and

white illustrations and the considerably higher

production cost of color visuals have worked, although

4



<GROUND

opposite en

thi$ variable.

One reason for this mi judgm

determine the instructional use

riorities has

been the fact that the great majority of the research

regarding color has been inconclu-ive. In a survey

of a number of studies relating to the color va iab

Otto and A.skov (1968) conclude that the cue value

of c lor in learning is still essentially uncle

Even more /imited resear, h has focused on va

tions within the color mode as a means whereby its

eff ct as a cueing device may be more precisely stated.

Ihe purpose of this study was to investigate the

int raction between different types ef colcr cuei

techniques and the individual difference variable of

learner I.Q. as evidenced hy scores on five tests of

learner achievement. Both immediate acquisition as

well as delayed retention effe4cts were examined.

-oretical orientations bear a close rela-

tions ip to the role of color in visual learning and

its a sociated research. These orientations both deal

with the question of realism or complexity in learning

from illustrations.

The first, a group of theories collectively

e red to as "realism theories" by Dwyer (1967)

include the iconicity theory of

(1946) cone of exper ence and th

theory of Gibson (1954). All of

predicate(1 on the assumptiofl the

ris (1946), Dale's

surrogate fidelity

these theories are

the more realistic

instructional device, the more effectively it will

5
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facilitate learning. This assumption is based on the

notion that the more realistic materials will present

visual cues to the learner and thus, give him

mo e information wi h which to work. Justification

for this as umption is proviCed by the ba ic theory

stimulus generalization and the concept of cue

summation.

conflicting orientation, however, has also

drawn wide support. This group of theorists and

researchers has su,ge.-ted that the "realism theories "

do not accur tely descr b- how visual instructional

materials function in learning, and in fact may be

in direct contradiction to the true situation.

Broadbent (1953, 1965) has des-ribed the human

information processing system as a single-channel,

limited capacity system which he refers to as the

P-system. This system functions much like a filter in

that, in times of high information reception, not all

information pc ceived is immediately processed and

stored. Rather, the P-system filters out all informa -

tion beyond its capacity and holds this "overflow"

for later processing. The overflow may possible block

other incoming1 relevant information. Jacobson

(1950, 1951) further supported this contention and

indicated that only a small perc-atage of all informa-

tion perceived is effectively stored and utilized by

the nervous system.

Working from the theory of Broadbent, Travers

(19 4) focused specifically on the question of realism

6



in structional materials. He suggested that, to deal

with a complex environment, the nervous system must

simplify inputs and perceptions. To achieve this end,

Travers described a pro ess known as compression

In describing thi -iepon, he i dicated that to

max mize the instructional effectiveness of visuals,

it may be necessary to discard some elements -f a

visual which contain little information. This position

is supported by e pirical research conducted by Cherry

(1953), Attneave (1954), Spaulding (1956), Gorman (1972)

and Dwyer (1972). The studies reported by Dwyer

represent the single, most comprehensive group

studies in this area. He found strong evidence

indicate that the most reali-tic visuals are not

necessaraly the most effective in promoting student

learning The relevance of v sual realism to the use

of color is readily apparent. Color in a great many

visual illustrations can represent a significant con-

tribution to the realism depicted in those visuals.

Research related specifically to the use of color

has, similarly, been nconclu ive. In a number of

studies investigating the use of color in instructional

visuals (VanderMeer, 1952; Kanner and Rosenstein, 1960,

1961; Hatzman and Ily_nhuis, 1972) it was generally

concluded tha

learner achievem

More recent studies, however, have reported con-

flicting data. Color was found to be a significaIt

design factor in iesearch conducted by Bourne and

r has no significant effect on

7



SPECIFIC
ORIENTATION
OF THE
PRESENT STUDY

Restle (1959) , Saltz (1963) , Underwood (196 , Dwyer

(1972) and Lambe ki (1972).

The Cact that learners vary considerably in mental

abilities has been r cognized for some time. It has

similarly been acknowledged th t different types of

instructional materials are necessary to optimize

learning by individuals who differ on organismic

variables such as I.Q.

The need for research which explores the relation-

ship between the individual differences of learners

and the selection of appropriate instructional

materials and strategies has been widely noted, most

recently by Snow (1970). Snot, has suggest d the use

of Aptitude Treatment Interaction Analysis (ATI) as

reliable means whereby this relationship may be studied.

Specifically, ATI involves a situation in which the

effects of different treatments (treatment variable)

are related to aptitudes or attributes of the subjects

(organismic variable). In this study, learner I.Q. was

selected as the organismic variable since it is con-

s dered to be a valid indicator of learning abi ity.

When the results o: those studies related to

complexity or color are taken into consideration,

seems apparent that,- as Otto and Asko/ (1968) indi-

cated, the "cue value of color" is not clear. Limited

research has focused or . e effect of variations within

the color mode of presentation as a neans whereby the

cue value of color may be more adequately investigated

and described. The basic question there ore, to



which this study adressed itself was In what manner

does col notion as an instructional variable?

7

Two alternative explanations appear possible.

First, that color provides an additional dimension of

realism which results in the learner att ining a more

complete or realistic image of the event or object or,

second, color functions only as a coding or cueing

device which facilitates storage and retrieval or the

ge or information. If the former alternative is

true, then a reali tic color visual should facilitate

retention of material to a greater degree than a non-

realistically -olored visual. If the latter alterna-

tive is rue, then all types of color visuals should

function equally weU in facilitating retention of

material. Similarly, all forms of color could also be

expected to be superior to black and white visuals in

promoting the learniLg of material related to specific

educational objectives.

The purpose of thi., study was to compare the

relative effectivene s of two forms of color cueing,

used in visual materials to facilitate the learning and

retention of meaningful material by students possessing

different I.Q. levels. Specifically, the two forms of

cueing devices can ho identified as realistic and non-

olor. Realistic color being repree ntative

of the use of reali tic colors which present the

learner with a relatively realistic version of the

object or scene described, and non-realistic color

being representative of the artificial use of color

9



solely as an additional visual cue which has no rela-

tion to the actual color of the object or scene.

A common problem in the literature deals cqith the

task of designing equival nt mat rials to test the

color hypothesis. The very nature of the color visual

militates against attainment of equivalence. Specif-

ically, the use of color in a visual adds a much

greater number of visual cues to the display, resulting

in a greater amount of available information. Accord-

ng what the research has indicated, the greater

quantity of information would appear to require more

time to be perceived, pr 7essed and stored. This would

perhaps explain why color effects appeared primarily

in a number of self-paced studies reported by Dwyer.

The present study attempted to el.rninate the lack

of equivalence by equating the actual number of visual

cues presented while si ultaneously altering the type

of color cueing device. By photographically reversing

the original color image of the visual, the exact

number of color cues may be held constant, yet the

resulting color still functions as a cueing or coding

device.

It would appear, that since the task of assigning

values to all color cues presented in a given visual

could he virtually impossible, this means of control-

ling the number of cues would offer a fruitful means

of investigating the effects of color as a cueino

device.

Specifically, t_is study attempted to answer the

wing questions: 1 0



INSTRUCT ZONAL
MATERIALS

1. Are all types of instructional visuals equally
effective in facilitating learning by
individuals who differ in their level of I.Q.?

2. Are certain types of visuals more effective
in reducing learning differences attributable
to individual learner differences (I.().

1 els)?

certain types of instructi nal visuals
most effective in facilitating learning by
individuals at specific mental ability levels?

Based on the answers to these research question_

it should be possible to for ulate ucoahie oui(7.clines

for tajlorjnci instructional materials to the needs of

specific lea ners or groups -f learners in such a way

as to optimize the achievement of set instructional

objectives.

The materials erployed in this study ____ risisted

six instructional programs on the human heart,

parts and its functions during the diastolic and

systolic phases presented by means of slides and audio

tape. This instructional unit was developed by Dwyer

(1967) and has undergone extensive validation with over

5000 students. Each of these programs contained a

series of visuals intended to complement the same ora

script. Two sets of visuals were prepared in realistic

color and two sets were produced in non-realistic color

by means of photographic reversal. The remaining two

ets were prepared in black 'and white and non-illustra-

ted fornats, respectively.

Photographic reversal was used as a me ns of

producing visual materials in which the total number of

visual cues were held constant while the degree of

11



10

r_alism (color realistic or non-reali- c ) could be

ipulated.

In this case, all co1ors rere systematicallv

reversed to th-ir opposite or comolerentary color,

, reds and browns were reversed to blues, grays

and greens; yellows to violet and whites to black.

leasurement of achie e-e_t was accomplished by the

use of five tests developed by iyer for the evaluation

f student achievement in the areas of dra,ing, identi-

fication, terminology comprehension a d total under-

standing.

EXPERIMENTAL The data for this study were _btained from 224
PROCEDURE

undergraduate coll-ge students enrolled in the Basic

Instructional iledia course at the Pennsylvania State

Uni sity.

During orientation sessIons to the course, all S's

were requested to complete two pretest instruments, the

Otis t2etal Ability_laL (Form FM) and a general pr

test in the content area.

Pubjects were randomly assignec to one of six

t ,atment groups (treatment v iable). These treatment

groups received the same oral presentation; however,

each of the six groups received their own respective

type of visual illustration. These croups represented

1) non-illustrated; (2) black and vhite shaded

dra ings 3 & realistic color drawings; (4

n n realistic co or drawings.

Immediately after participating in their respect-

ive instructional treatment

1 2

ere administered the



battery ol ac ievernent tests Oix weeks later s

t again for the delayee pcttst battery.
eased on sccres cbtaincl fieorn the Otis Meritl

Ability Test (Torm FM.), thre I levels wer

established. Cutoff poirlts 4oneha3f standard de-vi

above and bel v -the mean were selected to define tine

high, avezage and low I.e. levs.i.s. (See gable 1 )

All test data wele riorrnalied to T scores

= 5 0, S d 0)

cover iSQ11,

faili -tate data analysis ealci

ATISTICAL Axial ys is of ccvarjace vas se lected as a me an0 of
11/2.:NALYS is

analyzing tte data . Lindqui. st (19 53) has indicated

that tine precision of an. experivient may be increased

considerably by use f avalysis of covariance when the

correlati,on betw'eeri the adjttstirg -variable (covariate)

ci the criterion -variables is /nigh. Pearson Prcduct

t correlation was cflc1ijMted between each of tile

inintediate amd delayed actiev-emert posttests and the

general c ntent area prekest measares. In all
instai-e, the Pearson r we-relation coef ficient w s

signific.rmtly different -frorra zeo at the .01 level

A.ccordan 1 -this Fretest masu_re vas i.ised as ari

adjtisting variable in the aritalysis of colt ;lance.

rim those case where a sigriifficant F-ratlo at tile

.05 level was indicated by he analysis of covar-iarice

furthei analyses were coilduted between all possible

pairs of adjusted reans via the Scheffie. method.

Analysis of betri the irnined late and delayed test

scores by nuans of analysis of %variable produced two

13
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13

interactions, significant at t e p level as well

as seven main effects. Of these, four were significant

at the p <:.05 level and three at the p < .01 level of

significance.. Six of the significant F- ratios oc-

curred in the ixnniediate posttests and three occurred in

the delayed posttests. The significant F-ratios

obtain a are summarized in Table 2.

TABLE 2

SIDI/Ally Or FICANT F-RATios OBTAINED

Test F value

Drawing Test
Intraction

Identification Test
Color Main Effect

2.08*

2.74*

.0275

.0204

Immediate Terminology Test 3.21** .0082

Posttest Color Nain Effect

Terminology Test 6.69** .0016

1.0. Main Effect

Total Test 2.96* .0133

Color Nain Effect

Total Test 6.17** .0 25

1.0. Main Effect

Terminology Test .0145

I.Q. 3ain Effect

Delayed Comprehension Test 2.04* .0310

Posttest Interaction

Total Test 3.28* .0396

I.Q. Main Eff

1 5



IMMEDIATE
POSTTEST
FINDINGS

14

Tables 3 and 4 present the adlusted means and

standard deviations for each teatneat group and test

for both the Immediate arid delayed testing situations

respectively.

Multiple compari ons between ad3usted rvans con-

ducted by the Soheff procedure are summarized in

Table 5. go significant pair-wise oompari SOILS weL-e

produced on the delayed postt sts due to the inherent

conservatism of the Scheff4 test. It was employed

however, because it is exact rather than approximate

for unequal group sizes.

Based on the statistical analysis of the dat

the following results become apparent:

-Drawinq Test:

1. Lower I.Q. students aohi ved significant y lower
on both the non-illustrated, oral/verbal treatment
and the non-realistic color I treatment.

2. Tho black and white and realistic color fre&tm_
reduced the achievement differences between
individuals at all mental ability levels.

Identification Tes

1. No individual I.Q. level differed significantly
from any other on the attaiament of the identifi-
cation objective as measured by this test.

Terminology ?est:

1. Lower level I.Q. subje
lower on both the non-
the realistic color II

achieved significantly
strated, oral verbal and
atment.

2. The high level I.Q. learners scored significantly
higher than the average 1.0. learners on the non-
realistic color II group.

16
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Although non-significant at the .05 level, the low
1.0. level subjects achieved higher than the aver-
age I.Q. subjects in the non-realistic color II
treatment group.

4. High and average 1.0. subjects in the realist!.c
color II group and high I.Q. subjects in the non-
realistic T.,: color group achieved significantly
higher scorce3 than any other group or I.Q. level.-

Comprehension Test:

1. No individual 1.Q. level differed significent,y
from any other on the attainment of the comprehen-

,

sion objective as measured by this test.

Total Te-t

1. Lower level I.Q. students achieved significantly
lower on both the non-illustrated, oral/verbal and
the realistic color II treatment.

2. High level I.Q. subjects scored significantly
higher than average- on low level subjects on the
non-realistic color Il group.

High and average I Q. subjects in the realistic
color II group and high I.(2. individuals in the
non.-realistic color II group scored significantly
higher than any other group, or I.Q. level.

DELAYED Although a significant interaction (Comprehension
POSTTEST
FINDINGS Test) and 1.0. main effects (Terminology Test and Total

Test) were indicated no pair wise comparisons were

found to be significant (P < .05). The reason for this

finding apparently lies in the fact that the ScheMi

procedure is extremely conservative. This test was

employed because of the existence of widely differing

n's.

RESULTS Based on the above find 'ngs, a number of sunma7.7

statements can be made:

1. The use of visualization in instructional materials
tends to facilitate student learning.

20
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2. Not all types of instructional visuals are equally
effective in promoting learner attainment of
various educational objectives,

Extreme realism in instructional visuals does not
appear to aid learning by students at lower I.Q.
levels.

4. The use of black and white visuals reOuces the
achievement differences due to the individual
difference factor of learner I.Q.

stylized or unrealistic coloring of Instructional
visuals serves to increase student learning only at
higher I.O. levels.

6. The realism hypothesis i& generally supported as
a descriptor of visualized learning by high and
average I.Q. individuals when color is used as a
realism dimension.

7. The realism hyp thesis does not appear to be a
valid predictor of performance by Lower I.Q. learn-
ers when visuals are used to augment verbal
instruction.

_ither the degroo of color realism nor individual
nental_ability differemces appear to be_significant
factors in faCilitating the retention of material
atter a period of six weeks.

DICCUSSION The findings of this study seem to indicate that

the "realism theories" do not, in all cases serve as

a descriptor of how individuals learn from visualized

instruction. Rather, it would appear that an inter-

action exists between the degree of visual realism in

terms of color and ±:mdividual mental ability differ-

ences. This interaction has the fDllowing specific

implications.

Lower I.Q. students appear to achieve equally well

under different types of color or blacic and white

visuals. Any type of visualization which accompanies

verbal instruction, however, appears to improve

learning by these individuals. It would seen that the

21
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visuals pr vided 'basic" or 'relevant" information

necessary for learning of the material. The use of

visuals possibly supplied a "spatial" relationship

between each of the parts or locations discussed in

the verbal instructional material. The fact that the

additional information provied by color did not further

improve learning would seem to indicate that this

information was perhaps perceived and processed, but

not actually needed or used in making the required dis-

criminations or forming necessary concepts.

Learners of average level I.Q. appear to have

made further use of the color cueing device in the case

of r alistic color visuals. These learners apparently

used the visual to supply not only a spatial structure,

but used the additional realism a device -hereby

thcycould categorize parts and locations for future

recall. It should be noted however that non-realistic

color did not in all cases aid this group. This fact

may be indicative of confusion resulting from an

unfamiliar (and therefore difficult to.categorize and

recall) st mulus array.

The high I.Q. level students were able, in some

cases, to :-ake use of the non-realistic color as easily

as other students used realistic color cues.

Apparently the unfamiliar coloring did not confuse

these students as it may have with other I.Q. levels.

Conversely, this form of cueing te hnique did not

appear to produce the most effective learning. The

differential effects of these materials on varying

2 2
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A

levels of I.Q. does not appear significant a ter a

period of six weeks. It would seem that the spatial

structure of the visual is most important with color

adding only a secondary series of cues. Apparently

these cues are given a lower priority in memory storage

and are therefore forgotten first. Since most learning

is intended to be of a long term nature, this finding

would have significant implications for the design of

most instructional materials.

The results of this study indicate that a sigriifi

cant interaction does exist between an individual's

level of mental ability (1.0.) and the type of

instructional visuals most effective in facilitating

learning by the individual. Several specific conclu-

sions are readily apparent:

1. The use of visuals to augment verbal instruc ion
tends to improve learning.

2. The use of relatively simplified visuals contain-
ing no irrelevant color cues tends to reduce dif-
ferences in learning attributable to individual
mental ability differences.

The use of realistic color visuals to supplement
verbal instruction appears to improve learning
by upper and average I.Q. learners, but not by
lower I.Q. learners.

4. The "realism" hypothesis is supported with regard
to average and above average I.Q. students, while
the "information-interference approach appears to
apply to lower I.Q. individuals.

The differential learning effects of various types
of materials are only_temporary and cease to be
of any significance after a period of several
weeks.

This study has provided strong evidence to support

the contention that instructional materials must be

des gned to meet the needs of individual learners.

3
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Designers of such materials should give close atteltion

to analyzing the needs and characteristics of the

inte ded audience before proceeding to design or pro,-

duce a particular instructional package incorporating

visual materials. Attention should, however, also be

given to the nature and purpose of the material to be

learned. If it is necessary that it be retained for

long periods of time, the added expense of visuals may

not be warranted. This quest on of retention over long

periods of time should be further explored, in greater

depth than has been done thus far.

Additional research should focus on the effects

of different types of visualization techniques and

color cueing in particular, on specific types of human

learning.
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